Objective: To investigate the impact of age and co-morbidity on the functional independence and perceived physical functioning of patients with sequelae of poliomyelitis. Design: Cross-sectional study. Subjects: A convenience sample of 168 patients with sequelae of poliomyelitis, aged 45-85 years, recruited from 2 university hospitals. Methods: Outcome measures were Functional Independence Measure (FIM TM ) for functional independence, Short Form-36 (SF-36) for physical functioning and general mental health, Cumulative Illness Rating Scale (CIRS) for co-morbidity. Results: FIM TM scores were significantly lower for the 65-85 year age group than for the 45-54 year age group. No differences in the SF-36 were found between the age groups, except that the SF-36 general mental health sub-scale score was significantly better in the 65-85 year age group than in the 45-54 year age group. The CIRS score increased significantly with age. Linear regression showed that age, gender, polio severity, and 4 co-morbidity scores (''cardiac'', ''vascular'', ''endocrine, metabolic'' and ''muscle, bone, skin'') were significantly and inversely associated with functional independence and physical functioning. Conclusion: The level of functional independence of elderly former poliomyelitis patients is lower than that of younger patients. Specific attention should be paid to co-morbidity and ageing in this increasingly older population of polio survivors, since they negatively affect functional independence and perceived functioning.
INTRODUCTION
Poliomyelitis is a viral infection of the motor neurons in the spinal cord, resulting in an acute flaccid paresis of a varying number of muscle groups (1) . Nowadays, the incidence of acute poliomyelitis in the western world is low, but many individuals with a history of poliomyelitis report late-onset neuromuscular symptoms and a decline in functional abilities. These late symptoms are referred to as the post-poliomyelitis syndrome, and include a gradual or sudden onset of progressive and persistent new muscle weakness or abnormal muscle fatigability (decreased endurance), with or without generalized fatigue, muscle atrophy, or muscle and joint pain (2) . The new symptoms cause increasing difficulties with physical functioning, such as walking, standing, climbing stairs and other mobility-related activities of daily life (3, 4) .
Few cross-sectional and prognostic studies have focused on functional independence and physical functioning in subjects with sequelae of poliomyelitis (5) (6) (7) (8) (9) (10) . In those that have, the recruitment of subjects differed from a random selection from the population to a selection of patients referred to a specialized post-poliomyelitis clinic. Furthermore, different outcome measures were used, and the follow-up periods ranged from 2 to 15 years. The results were inconsistent, sometimes even between different outcome measures in the same study (11) and ranged from deterioration (5-7, 9, 10) to no change (7) (8) (9) and to improvement in functioning (7, 8) . One study, with a 15-year follow-up period, a randomly selected population with and without post-poliomyelitis and good methodological quality, reported a modest, but significant, decline in the performance of a 100-foot walking test and a decline in upper limb functioning (10) .
Measuring co-morbidity is acknowledged to be increasingly important in research, because it has been demonstrated that co-existing morbidities are associated with quality of life (12) and activities of daily living (13, 14) . However, few studies have yet investigated co-morbidity in patients with sequelae of poliomyelitis (15) (16) (17) (18) (19) . Nielsen et al. (15) reported that people with a history of poliomyelitis have a slightly increased morbidity rate compared with age-matched controls, and have a 1.2-to 1.3-fold increased risk of being hospitalized with pulmonary, heart, gastrointestinal tract and locomotor apparatus diseases. Nielsen et al. (16) (17) (18) also reported an increased risk of Parkinson's disease, multiple sclerosis and female breast cancer. Gawne et al. (19) focussed on risk factors, and reported that the post-poliomyelitis population carries a high prevalence of 2 or more coronary heart disease risk factors, partly because of their sedentary lifestyle, controversy about the safety of exercise, and their age. Impact of age and co-morbidity on poliomyelitis sequelae Some studies which focussed on functional independence and physical functioning in patients with sequelae of poliomyelitis excluded subjects with co-morbidity (7), did not include elderly patients (above the age of 65 years) (7, 20, 21) , or did not assess or report the extent and nature of the co-morbidities or their influence on functioning (5, 6, (8) (9) (10) . These differences in eligibility criteria limit the generalizability (or external validity) and may result in an underestimation of the functional problems and rate of decline in former polio patients. Therefore, the present study focuses on patients in a broad age-range, without excluding co-morbidity.
The objectives of this study were (i) to evaluate functional independence and perceived functioning, specifically physical functioning, and (ii) to explore the impact of age and co-morbidity on functional independence and perceived physical functioning in patients aged 45-85 years with sequelae of poliomyelitis.
METHODS

Study population
The patients were recruited from two university hospitals that specialize in the treatment of sequelae of poliomyelitis. To compare outcome measures according to age, the aim was to assemble 3 equally large age groups: 45-54 years, 55-64 years and 65-85 years with 60 subjects in each group. The inclusion criteria were: (i) history of poliomyelitis anterior acuta; (ii) presence of residual paresis in at least one extremity; (iii) consultation (not necessarily the first consultation) of a neurologist or physical medicine and rehabilitation specialist in the previous 5 years; (iv) age 45-85 years; (v) no medical condition indicating a life expectancy of less than one year. All patients who fulfilled the inclusion criteria were invited to participate in the study. All patients who volunteered to participate gave their informed consent.
A total of 258 subjects were invited to participate in the study by means of a letter that was sent to their last known address. Eighteen letters were returned because of an incorrect address. In all, 175 subjects (77%) volunteered to participate, 75% in the 45-54 year age group, 72% in the 55-64 year age group and 72% in the 65-85 year age group. Two subjects were excluded, one because of language problems (45-54 year age group) and one because the diagnosis of poliomyelitis anterior acuta was not confirmed (55-64 year age group). Five other subjects were not included in the study because there were already enough subjects in their age group by the time they volunteered to participate (3 in the 45-54 year age group, 2 in the 55-64 year age group). The reasons for non-participation were not known for all the patients, as the medical ethics committee did not allow to assess these reasons. Ten patients in the 65-85 year age group voluntarily responded that they were unable to participate because of poor health.
Measurement instruments
Functional Independence Measure. The FIM TM is a generic tool, which can be used to measure functional independence in functioning in patients undergoing rehabilitation (22) . The FIM TM consists of 18 activities, each scored on a 7-point scale, with a score of 1 indicating total assistance and 7 indicating complete independence. A total score, ranging from 18 to 126, is calculated by summing up all the 18 activities. The FIM motor score is calculated by summing up 11 activities, the FIM bowel/bladder score by summing up 2 activities and the FIM cognitive score by summing up 5 activities. The FIM TM has been found to have good validity and reproducibility (23).
Short Form-36. The Short Form-36 (SF-36) is a self-administered questionnaire measuring generic health concepts, composed of 36 questions and standardized response choices, grouped into 9 multi-item scales: physical functioning, role limitations due to physical functioning, bodily pain, general health perceptions, vitality, social functioning, role limitations due to emotional functioning, general mental health and change in health (24) . The SF-36 physical functioning sub-scale consists of 10 questions on a 3-point scale. A sub-scale score is calculated by adding the raw item scores, minus the lowest possible raw score and dividing this by the possible raw score range. Each scale is scored from 0 to 100, with higher scores indicating higher levels of functioning or well-being. The SF-36 has been translated and validated for the population of the Netherlands (25).
Muscle strength. Residual paresis in patients with sequelae of poliomyelitis varies from local paresis in one extremity to extensive paresis involving all four extremities, trunk and bulbar muscles. To quantify the degree of residual impairment of poliomyelitis, muscle strength of all extremities was measured manually (manual muscle testing, MMT) according to the Medical Research Council scale (26), with each muscle group receiving a score ranging from 0 to 5. The following muscle groups were measured: shoulder abductors, elbow flexors, elbow extensors, wrist dorsal flexors, wrist palmar flexors, hip flexors, hip extensors, hip abductors, hip adductors, knee flexors, knee extensors, ankle dorsal flexors and ankle plantar flexors. A legs strength score was obtained by adding the MMT-scores of all 16 leg muscle groups tested (range 0-80) and an arms strength score was obtained by adding the MMT-scores of all 10 arm muscle groups tested (range 0-50) (7).
Cumulative Illness Rating Scale. The Cumulative Illness Rating Scale (CIRS) is a short, physician-rated, comprehensive and reliable instrument for assessing the burden of chronic medical illness (27) . The scale consists of 13 relatively independent categories grouped under body systems. Ratings are made on a 5-point ''degree of severity'' scale, ranging from ''none'' to ''extremely severe''. Only co-morbidity is rated in this scale, and not the index disease in question, i.e. poliomyelitis and resulting orthopaedic interventions (e.g. ankle arthrodesis) in early childhood. The total score is calculated by summing up the category scores. The CIRS has been found to have good validity (28) and good inter-rater and test-retest reliability (27, 29, 30) .
Assessment protocol
Prior to the visit to the hospital, the patients received a questionnaire with instructions, which they returned during their visit to the hospital. At the hospital a physician interviewed the patients and administered the tests in a standard sequence.
Data analysis
Demographic data were analysed by using descriptive statistics. The outcome measures were compared according to age group by applying one-way analysis of variance (ANOVA) with a post hoc Bonferroni test. Associations between the variables of interest and the outcome measures (FIM TM total score and SF-36 physical functioning) were assessed with multivariate linear regression analysis. A forward stepwise selection method, with a p-value of less than 0.05, was used as the selection criterion, with a probability of F-to-enter <0.10. The statistical analysis was performed in SPSS, version 12.0.1, statistical software package. An α level of 0.05 was used for all tests of significance.
RESULTS
A total of 168 patients (101 women, 67 men) were included in 3 age groups: 45-54 years (n = 60), 55-64 years (n = 60) and 65-85 years (n = 48). Their age at the acute polio stage varied from newborn to 27 years, with a median value of 3.0. There was no difference between the age groups in the num-ber of affected body sites during acute polio infection or the number of affected body sites with residual paresis. The mean duration of new neuromuscular symptoms was 12.59 ± 8.9 years. General fatigue was reported more frequently by the 45-54 year age group compared with the older age groups (p < 0.01) ( Table I) .
FIM TM
The 65-85 year age group scored significantly lower than the 45-54 year age group on the total FIM TM score (p = 0.0015), the FIM motor score (p = 0.033), and the FIM bowel/bladder (p = 0.033), i.e. the oldest age group was more functionally dependent in these areas than the youngest age group. The 45-54 year age group and the 55-64 year age group did not differ in any of the scores for functional independence. There was no difference between any of the age groups in the FIM cognitive score. It must be taken into account, however, that there was a profound ceiling effect on the FIM bowel/bladder score and the FIM cognitive score in this population (Table II) .
SF-36
No significant differences were found between the age groups in any of the sub-scales except general mental health, i.e. the 65-85 year age group experienced a better general mental health compared with the 45-54 year age group (p = 0.021) (Table III) .
Muscle strength
The median value of the MMT leg strength sum score was 2.6 points higher in the 55-64 year age group compared with the 45-54 age group, and 1.4 points higher compared with the 65-85 year age group. The differences in the MMT leg strength sum-score between the age groups were not significant, but it must be noted that there was a large variability in the leg strength sum-score among participants in every age group (Table II) . The MMT arm strength sum-scores had a much smaller range, and there was no significant difference between the age groups (Table II) .
CIRS
The 65-85 year age group had a significantly higher CIRS total score compared with the younger age groups. The 55-64 year age group had a significantly higher CIRS total score, compared with the 45-54 year age group (Table IV) . The body systems ''ear, nose, throat, eye (including glasses and hearing aids)'' and ''muscle, bone, skin'' were most frequently scored as positive (136 and 128 positive scores, respectively). The CIRS ''cardiac'' score consisted of 44% heart failure, 26% myocardial infarction, 18% cardiac arrhythmias and 12% valvular heart diseases. The CIRS vascular score consisted of 88% hypertension and 12% other diseases. The CIRS ''endocrine, metabolic'' score consisted of 37% hypercholesterolemia, 27% osteoporosis, 15% thyroid diseases, 12% diabetes mellitus and 10% other diseases. The CIRS ''muscle, bone, skin'' score consisted of 43% lower extremity problems, 23% upper extremity problems, 19% back problems, 6% skin-related problems, and others (9%).
Impact of age and co-morbidity on functional independence and perceived physical functioning
Two multivariate linear regression models were constructed to investigate the impact of age and co-morbidity on the dependent variables FIM TM total score and SF-36 sub-scale physical functioning. The associated factors that were analysed were age, gender, leg strength sum-score, arm strength sum-score and CIRS category scores. Thirty-four percent of the variation in the FIM TM total score could be attributed to leg strength sumscore, CIRS ''cardiac'' score, arm strength sum-score, CIRS ''muscle, bone, skin'' score, age, gender and CIRS ''vascular'' score (Table V) . The co-morbidity scores added 11.4% in explaining the variance in the FIM TM total score after the leg strength sum-score had been added to the model, and age added 3%. Forty-one percent of the variation in the SF-36 sub-scale physical functioning could be attributed to the presence of leg strength sum-score, CIRS ''endocrine, metabolic'' score, gender, CIRS ''vascular'' score, and CIRS ''muscle, bone, skin'' score (Table V) . The co-morbidity scores added 9.2% in *p < 0.01 (χ 2 ) compared with 45-54 year age group, ** p < 0.01 (χ 2 ) compared with 55-64 year and 65-85 year age group, # range 0-8 (4 extremities, trunk, neck, face, throat). Impact of age and co-morbidity on poliomyelitis sequelae explaining the variance in SF-36 sub-scale physical functioning after the leg strength sum-score had been added to the model and when age was not included in the model.
DISCUSSION
This study evaluated the level of functioning and the impact of age and co-morbidity on functioning in patients aged 45-85 years with sequelae of poliomyelitis. The study population was older than that of most earlier studies and co-morbidity was not excluded (5) (6) (7) (8) . However, sampling bias may have occurred, especially in the oldest group, i.e. 65-85 years of age, rendering the findings less generalizable. In line with the recent literature (4, 31), our population reported new physical complaints, with muscle weakness and fatigue being the most frequently reported symptoms. The youngest age group reported fatigue most frequently and this may be due to a more (physically) active lifestyle, because they are more involved in working and raising a family.
Functional independence, based on FIM TM total score, FIM motor score and FIM bowel/bladder score, was significantly lower in the 65-85 year age group compared with the 45-54 year age group. The difference in median value of the FIM TM total score between the youngest and the oldest age group was only 1.5 points, indicating only a small difference in functional independence. Farbu et al. (9) interviewed patients about daily functioning and reported a reduction in mobility daily functioning, but not in functions concerning personal care. Within the FIM motor score, the elderly group only scored significantly lower on the items ''climbing stairs'' and ''transfer to bath/ shower'', and therefore these findings confirm the results of the study carried out by Farbu et al. (9) .
The SF-36 score for perceived physical functioning did not differ significantly between the age groups and perceived general mental health was even better in the older age group. Two explanations can be given for these findings. Elderly people probably experience less physical and mental stress as they are less (physically) active. Secondly, elderly patients might have adapted to their physical limitations and rate their current health status against the background of newly adapted standards. This phenomenon is called response shift, and refers to a change in the meaning of one's self-evaluation of a target construct. Response shift is a result of a change in the respondent's internal standards of measurement, a redefinition of the target construct or a change in the respondent's values (the importance of component domains constituting the target construct) (32, 33) .
Functional independence (FIM TM ) was assessed by an investigator, whereas SF-36 physical functioning was measured with a self-administered questionnaire and is therefore a person's perception of his or her own physical functioning. It appears that the subjective experience of physical functioning can vary widely between patients with the same high level of functional independence (FIM TM ≥ 120) (Fig. 1) . Therefore functional independence and perceived physical functioning measure two different constructs.
In the past few years the importance of co-morbidity for functional prognosis in rehabilitation medicine is increasingly recognized (34) (35) (36) . The present study focussed on the relation- Values are median (25 and 75 percentile scores). *p < 0.05 compared with 45-54 year age group. Sum-scores for the muscle strength of the legs and arms were calculated by adding 16 and 10 muscle groups, respectively. Each muscle group had a score between 0 and 5, MMT leg strength sum score ranged from 0 to 80 and MMT arm strength sum-score ranged from 0 to 50. Values are mean (SD). *p < 0.05 compared with 45-54 year age group.
ship of age and co-morbidity with functional independence and perceived physical functioning. Age was a factor that was significantly associated with functional independence, but not with perceived physical functioning. This corroborates an agerelated shift in the perception of physical limitations. In line with the expectation, the level of co-morbidity increased significantly with age. The body systems ''cardiac'', ''vascular'', ''endocrine, metabolic'' and ''muscle, bone, skin'' appeared to be significantly associated with both outcomes. Gawne et al. (19) advised screening for dyslipidaemia and providing education on controllable risk factors in former polio patients. This seems to be even more important because co-morbidity involving these body systems appears to be an important factor in explaining the functioning of these patients. The three age groups appeared to have a similar level of polio impairments, because no significant differences were found in MMT. In the model explaining functional independence, both the leg and arm strength sum-score were significantly associated factors, whereas in the perceived physical functioning model only the leg strength sum-score was a significant factor. A possible explanation is that the FIM TM total score consists of 6 items involving the use of the arms, whereas the SF-36 physical mobility sub-scale consists of 10 items, with only 2 items specifically involving the use of the arms.
The female sex was a negative associated factor with both functional independence and perceived physical functioning. Women with sequelae of poliomyelitis are known to report a lower level of perceived physical functioning than men (7) . In line with this finding it may be that women are more likely to report a lower level of functional independence.
In conclusion, the level of functional independence of elderly former poliomyelitis patients is lower than that of younger Values are median (range). *p < 0.05 compared with 45-54 year age group, ^p < 0.05 compared with 55-64 year age group. GI: gastrointestinal tract, CIRS: Cumulative Illness Rating Scale. Factors included in regression analysis were age (years), gender (male = 1/female = 2), leg strength sum-score, arm strength sum-score, CIRS categories. B: beta, regression coefficient; CIRS: Cumulative Illness Rating Scale. Impact of age and co-morbidity on poliomyelitis sequelae patients. Co-morbidity negatively affects the functional independence and perceived physical functioning. Prospective studies with unselected study populations, without the exclusion of co-morbidity or elderly patients, but including age-matched controls and measures to record co-morbidity are needed to investigate the influence of co-morbidity on the course of functioning in this population. 
